The effect of tea saponins (TS) on rumen fermentation and methane emission was examined using an in vitro gas production technique named Reading Pressure Technique. Three levels of TS addition (0, 0.2, 0.4 mg/ml) were evaluated in the faunated and defaunated rumen fluid. Compared to the control, TS addition decreased the 24 h gas production in the faunated rumen fluid, but had a minor effect on gas yield in the defaunated rumen fluid. The TS significantly reduced methane production in vitro. In the faunated rumen fluid, 0.2 or 0.4 mg/ml TS decreased the 24 h methane emission by 12.7% or 14.0%, respectively. Rumen fluid pH value was affected neither by TS addition nor by defaunation. The TS addition had only minor effects on volatile fatty acids, but the yield and pattern of volatile fatty acids were greatly affected by defaunation. While the molar proportion of acetate was not affected by defaunation, the propionate was significantly increased and the butyrate significantly decreased. Ammonia-N concentration and microbial protein yield were influenced by TS inclusion and defaunation. Inclusion of 0.4 mg/ml TS increased the microbial protein mass by 18.4% and 13.8% and decreased the ammonia-N concentration by 8.3% and 19.6% in the faunated and defaunated rumen fluid, respectively. Protozoa counts were significantly reduced by TS inclusion. The current study demonstrated the beneficial effect of TS on methane production and rumen fermentation, and indicated that this may be due to the effect of the associated depression on protozoa counts.
INTRODUCTION
Livestock is one of the largest sources of methane emission with 80~115 million tons produced per year, equivalent to 15%~20% of total anthropogenic methane (IPCC, 2001) . The global cattle population is responsible for 73% of methane emissions of all livestock, and methane produced during ruminal fermentation represents a loss of 2%~15% of gross energy intake and may contribute to global warming (Johnson and Johnson, 1995) . Many researches had been carried out to find ways to lower the methane production in ruminant animals. The symbiosis of protozoa with methanogenic Archaea was described by Finlay et al.(1994) , and selective suppression of the rumen protozoa had been suggested to be a promising approach to reduce methane release (Whitelaw et al., 1984; Dohme et al., 1999; Moss et al., 2000) .
It was reported that saponins or saponin-like substances had the potential to suppress the methane emission, reduce rumen protozoa counts, and change fermentation patterns (Wang et al., 1997; Makkar and Becker, 1997; Hristov et al., 1999) . In a preliminary study, Liu et al.(2003) observed that saponins from tea seed could modify the rumen fermentation and reduce rumen protozoa counts. However, results of Dohme et al.(1999) showed that the methane-suppressing effects of the active feed components from coconut oil were not necessarily mediated through the decline in protozoa counts, even when a simultaneous suppression of protozoa took place. The objective of this study was to investigate the effects of tea saponins on methane release, rumen fermentation and protozoa counts in the rumen. In order to be able to distinguish between direct and protozoa-mediated effects, faunated and defaunated rumen fluid were used.
MATERIALS AND METHODS

Materials
Saponins extracted from tea seed (TS) were purchased from Zhejiang Orient Tea Development Co. Ltd., affiliated to Tea Research Institute, Chinese Academy of Agricultural Sciences. It was in powder form, light-yellow, and contained above 60% triterpenoid saponin and foamility score of 160~190 mm and pH of 5.0~6.5.
Equipment and technique
A gas test was conducted using a semi-auto mated Reading Pressure Technical (RPT, Mauricio et al., 1999) . Incubations were conducted in 180 ml flasks. About 750 mg of substrates (50% corn meal and 50% grass meal, m/m) were accurately weighed into the flasks, and then 90 ml reduced buffer medium (Theodorou et al., 1994) was added to each flask which were then sealed with a butyl rubber stopper and stored overnight at 4 °C. The rumen fluid inoculum was obtained from two donor sheep that were fed on a mixed diet (60% wild ryegrass hay plus 40% concentrate) at 1.3 times maintenance before morning feeding. The rumen fluid was strained through four layer of cheesecloth and held under CO 2 in a water-bath at 39 °C until used. Each flask (pre-warmed to 39 °C) was then injected with 10 ml prepared inoculum through the stopper using a needle. The displaced gas was allowed to escape before the needle was removed. The flasks were then swirled to mix the contents and placed in an incubator at 39 °C. At the time for measuring the gas production, a pressure transducer, interfaced with a computer allowed the accumulated head-space gas pressure values to be directly entered into the computer. These pressure measurements were then used to estimate the generated gas volumes (Theodorou et al., 1994 , Mauricio et al., 1999 . The organic matter digestibility (OMD) was calculated from the gas production at 24 h incubation according to the formula by Menke and Steingass (1988) .
Experimental design and diet preparation
Half of the flasks were injected with defaunated rumen fluids. Defaunation was achieved by nonyl phenol ethoxylate (Synperonic NP9® ICI, Middlesbrough, UK) administered at a concentration of 2.5 ml/L rumen fluid (Dohme et al., 1999) . Then the TS were added at levels of 0, 0.2 and 0.4 mg/ml fluids on the faunated and defaunated rumen fluid, and four bottles (replicates) were used for each adding level of TS. At 3, 6, 9, 12 and 24 h incubation, gas pressure was recorded and methane concentration, pH, ammonia-N, volatile fatty acids (VFA), protozoa counts and microbial protein (MCP) yield were determined.
Measurement of in vitro fermentation parameters
The pH of in vitro rumen liquor was determined immediately after removal using a pH meter (Model PB-20, Sartorius). Ammonia-N concentration was determined by a spectrometer (Model 721) using colorimetry with the NH 4 Cl solution as a standard (Feng and Gao, 1993) . For determination of VFA concentration, 1 ml of the fermentation medium sample was placed in centrifugal tubes, mixed uniformly with 0.25 ml of 25% ortho-phosphoric acid, and then centrifuged at 10000 r/min for 10 min. The supernatant was decanted into another test tube, capped and stored in a refrigerator at −20 °C until analyzed. The VFA was analyzed by gas chromatograph (GC-2100, Shimadzu) equipped with a Flame Ionization detector (FID). The column (HP-INNOWAX, 19091N-133) was 30 m×0.25 mm×0.25 µm in size. Two µl of fluid samples were injected with a syringe, and the temperature of the injector/detector and the column was 260 °C and 220 °C, respectively. Nitrogen was used as a carrier. Methane concentration was analyzed using the same gas chromatograph with the same column, and the temperatures of the injector/detector and the column were 130 °C and 80 °C, respectively. Ciliate protozoa were counted by the method of Ogimoto and Imai (1981) . In which, 0.5 ml of fermentation fluid was mixed with 0.5 ml methylgreen-formaldehyde-saline solution and shaken gently. The mixture was held for 5 min and then pipetted into a refitted counting haemocytometer of 0.3 mm depth. The protozoa were then counted under microscope. Concentrations of the MCP were determined based on purines using the method of Zinn and Owens (1986) , modified by Makkar and Becker (1999) , and estimated from the ratio of purines to N of isolated bacteria with yeast RNA as standard.
Statistical Analysis
Data were analysed using the general linear model (GLM) procedure of SAS (1997, SAS Inst., Inc., Cary, NC). All multiple comparisons among means were performed using Duncan's new multiple range test.
RESULTS
Influence of TS and protozoa status on the in vitro gas production and methane release
The gas production (GP) decreased with the adding levels of TS in the faunated rumen fluid, but the TS had no effect on the GP in the defaunated rumen fluid (Fig.1) . Addition of 0.2 and 0.4 mg/ml TS decreased the 24 h GP by 4.0% and 10.1% respectively in the faunated rumen fluid (Table 1) . The 24 h GP in the defaunated rumen fluid was significantly lower compared to the control. The OMD was indicative index of the GP value. While addition of TS had minor effect on the OMD, the defaunation significantly reduced the OMD.
Methane production was reduced by the TS inclusion in the faunated rumen fluid and by defaunation (Fig.2) . Inclusion of 0.2 and 0.4 mg/ml TS decreased the methane emission by 12.7% and 14.0% respectively in the faunated rumen fluid. Defaunation was a much more efficient way to inhibit the methane production. After 24 h incubation, methane production was 57.4% reduced on average by defaunation (Table 1) .
Influence of TS and protozoa status on rumen fermentation characteristics
Rumen fermentation characteristics influenced by TS addition and defaunation at 24 h are summarized in Table 1 . The mean rumen fluid pH in all treatments was 6.81, and the effects of TS and defaunation were minor. Total VFAs were significantly reduced by defaunation (P<0.05), but were not affected by the TS inclusion in faunated or defaunated rumen fluid (P>0.05). Molar proportion of acetate was similar among all treatments. Compared to the control, inclusion of TS showed no effect on the molar proportion of proprinate, but propionate was significantly higher in defaunated rumen fluid than in the faunated fluid. Thus, the A/P (acetate/propionate) was significantly decreased in defaunated rumen fluid. Molar proportion of butyrate was not influenced by TS, but was siginificantly reduced by the defaunation. Ammonia-N concentration was siginificantly reduced by TS addition in both faunated and defaunated rumen fluid, and defaunation significantly reduced the ammonia-N concentration compared to the control faunated rumen fluid. Inclusion of 0.2 or 0.4 mg/ml TS reduced protozoa number by 13.1% or 
Fig.2 Effect of tea saponin (TS) additon and protozoa status on methane production
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DISCUSSION
TS treatment
Saponins extracted from many plants have been reported to have effects on rumen protozoa counts, ammonia-N, MCP yield and fermentation patterns (Wang et al., 1997; Hess et al., 2003; Hristov et al., 1999) . In this study, inclusion of TS significantly reduced protozoa counts (Table 1) . One possible mechanism explaining the effect of saponins on protozoa is the changes in cell membrane permeability (Klita et al., 1996) . Of all rumen microbes, protozoa are particularly susceptible to saponin-induced changes in cell membrane properties (Moss et al., 2000) .
Methane produced by enteric fermentation in ruminants leads to a severe loss of feed energy for the animals, and ecological problems through greenhouse gas emissions. Therefore, reducing methane production has significant economical and environmental benefits. Inclusion of 0.2~0.4 mg/ml TS reduced the 24 h methane emission by 12.7%~14.0% (Table 1) , which was similar to the results reported by Wang et al.(2000) who observed that the methane production was 15% lower in Yucca saponin-added group compared with the control. The methane suppressing-effects of saponins were presumably a direct action against the rumen microbes involved in methane formation (including methanogens and protozoa). Apart from methanogens, rumen protozoa were believed to be of importance in methane formation because of the association of protozoa with ectoand endosymbiotic methanogen (Finlay et al., 1994) . Inclusion of TS significantly reduced methane production in faunated rumen fluid, but not in the defaunated rumen fluid, suggesting that inhibition of methanogenesis by tea saponins was primarily due to their anti-protozoal activity.
Ammonia-N concentration was decreased and MCP yield was increased when TS were added (Table  1) . Addition of 0.4 mg/ml TS led to the lowest ammonia-N concentration and highest MCP yield. The Table 1 Effect of tea saponin and defaunation on in vitro gas production, estimated organic matter digestibility (OMD), methane emission and rumen fluid characteristic in the faunated and defaunated rumen fluid at 24 h VFA are considered as one of the rumen fermentation parameters, and they represent the rumen fermentation pattern. The proportions of individual VFA were not significantly changed with addition of TS, indicating that TS had little effect on rumen fermentation pattern, just as Hess et al.(2003) and Wang et al.(1998) reported. The 24 h GP declined when TS was included, and this reduction might have been due to the TS-mediated inhibition of cellulolytic bacterial and fungal growth (Wang et al., 2000) .
Defaunation treatment
Effects of defaunation on rumen fermentation had been intensively investigated and reviewed, including its effect on methanogenesis (Jouany, 1996; Moss et al., 2000) . Jouany (1996) reported that ciliate protozoa contributed significantly to intraruminal cycling of microbial N and efficiency of MCP synthesis, so reducing protozoa counts can improve dietary N utilization and increase MCP flow to the intestine. We found that ammonia-N concentration decreased and MCP yield increased in defaunated rumen fluid (Table 1) . Most of defaunation-induced changes found in the present study accorded with those of other studies (Jouany 1996; Moss et al., 2000) . Total concentrations of VFA were reduced by elimination of protozoa. An increased molar proportion of propionate and a lowered proportion of butyrate accompanied the VFA reduction. In the defaunated rumen fluid, molar proportion of propionate was increased at the apparent expense of butyrate.
Methane emission was greatly reduced by defaunation (0.4217 mmol vs 1.0454 mmol at 24 h in defaunated and faunated rumen fluid, respectively), as was found in some other studies (Whitelaw et al., 1984; Dohme et al., 1999) . Formation of acetate and butyrate are usually accompanied by production of hydrogen and carbon dioxide, whereas propionate formation involves a net uptake of hydrogen, thus, defaunation decreases the hydrogen supply for methanogens in the rumen, leading to lower methane emission.
Interaction between defaunation and TS treatment
Interactions between TS and protozoa status were mostly weak except for the methane emission and protozoa number. The lack of significant interactions for most variables investigated suggests that the effects of TS were not predominantly mediated by the simultaneously observed inhibition of the rumen protozoa. However, since the depression of methane release due to tea saponins addition was found only in faunated rumen fluid, it could be assumed that this effect was mediated through associated effects on protozoa. Further research is necessary to confirm the effects of TS on methanogens and other microbials.
CONCLUSION
Saponins from tea seeds have anti-protozoa effect, and have the potential to modulate the rumen fermentation pattern and reduce methane release from ruminal fermentation. Since the depression of methane release due to tea saponins addition was found only in faunated rumen fluid, it could be assumed that this effect was mediated through associated effects on protozoa. Combinations of TS addition and defaunation can be promising strategies for suppressing methane emissions.
